The findings in rheumatic mitral stennsis appear to have undergone changes, probably in association with improved socioeconomic conditions, in developing countries . The objective of this study was to assess such changes and to adapt strategies of management . The clinical and pathologic features, mortality rate, long-term functional class and restenosis rate in 168 children and 62 pregnant women who underwent closed transventricular mitral valvotomy in the first 14-year period (June 1964 to May 1978) were compared and correlated with those of 140 children and 106 pregnant women in the following 7-year period (June 1978 (June to iiiay 1985 .
During the late period, there were attenuated severity of the disease, emergence of a mild pathologic type of valve involvement confined to the commissures (commissural band stenosis), de . creased mortality (1.29x) and restenosis rates (p < 0.001) and increased long-term improvement (p < 0 .001) during childhood .
The incidence of chronic rheumatic heart disease has declined remarkably in most developed countries . This decrease has been attributed to improved socioeconomic conditions and perhaps in part to a change in the prevalence or virulence of hemolytic Strcptnror^us (I) . In contrast, there is a high frequency of the disease in certain parts of the world, most notably. Africa, Asia and economically underprivileged areas of the west. In these areas, the course oft e disease may he both aggressive and accelerated so that -1 1 established mitral stenosis occurs in childhood (2-5) .
In Sri Lanka. mitral stenosis continues to be a common disease . The overall severity and clinicopathologic profile appear to be changing with continuing improvement in social conditions. The present study was undertaken to assess these changes in a clinically important sector (namely, children and pregnant women) and to highlight the practical implications applicable to a developing country .
The best results of closed valvotomy were obtained in simple commissural and commissural band stennsis, the latter forming the predominant group in children and pregnant women in the late period (p < 0 .001). Poor results were observed in patients with the subtype of combined stenosis characterized by commit . sural rigidity, cuspal stenosis and chordal fusion, demonstrating the inapplicability of closed valvotomy .
Closed valvotomy is safe in all stages of pregnancy, as evidenced by the zero mortality rate and rate (1.8%) of fetal death, rod offers good long-term palliation. However, in pregnant women with pure mitral stenosis characterized by simple commits. vocal or eommissurat band stenosis, balloon vatvuloplasty, is an acceptable alternative, especially in light of the risks associated with surgery . The choice of the procedure for the relief of stenosis is determined by the pathologic anatomy of the valve stenosis, 
Methods
Study patients. The study group consisted of476 patients who had transventricular valvotomy for pure mitral stenosis in childhood or pregnancy during the 21-year period from June 1964 to May 1985 . Three hundred eight patients were children <14 years old (mean 11 .5) and 168 were pregnant women (mean age 26 .9 years. range 18 to 36) . During this period, a total of 2,266 patients, including the 476 in the present study, underwent valvotomy (mean age 27.3 years, range 3 to 66) .
To assess right ventricular hypertrophy, the criteria of Smith et al . (6) were utilized (electrocardiogram with a mean frontal plane axis >90' or an RIS ratio in lead V t > 1). These are indirect indexes of pulmonary hypertension (7) .
During the I st 14-year period (1964 to 1978), referred to as the early period, the selection of cases was largely on clinical grounds . In the next 7 years (1978 to 1985), the late period, M-mode echocardiography was used routinely to assess the mitral valve. From 1981 Pd-mode echocardiography was supplemented by two-dimensional echocardiography. Each patient was studied by two-dimensional and Doppler echocardiography before valvotomy and again within 2 weeks of the procedure . The extent of leaflet mobility. leaflet thickening, subvalvular thickening and nodularity of the leaflets was assessed . Mural valve area was measured by direct 0735-1097192/55.00 planimetry (8,9). The presence and extent of mitral regurgitation were assessed by pulsed Doppler technique (10) .
Patients who had mitral valvolomy during childhood or pregnancy in the early and late periods were compared with regard to clinical features, operative findings, mortality and restenosis rates and long term improvement in New York Hart Asso iation functional class .
Surgical management. A left anterolateral thoracotomy through the bed of the fifth rib was the approach of choice . except in patients in the last month of pregnancy or children with severe pulmonary hypertension . for whom a posterolateral approach was yrcferre-^_ The surgical loam perfnrming valvolomy in pregnant patients was scrubbed and ready for the procedure before anesthesia was induced . In the event acute pulmonary edema occurred, thoracotomy was performed with exceptional speed . Quick finger fracture of the stenosis was done . providing partial relief, and the lungs were then hyperinflated . After this maneuver . the hemodynamic status improved sufficiently to proceed to transventricular valvotomy .
The mobility of the valve, orifice size and state of the commissures were assessed and the anulus was identified digitally before and after splitting the valve-The state of the subvalvular area was assessed after valvotomy .
Postoperative venrilalory assistance was performed for 3 to 72 h in all 168 patients who underwent valvotomy during pregnancy and in the 72 children in functional class III (n = 21) or IV (n = 51) .
Pathologic anatomy of the mitral valve . The stenotic valve was categorized into four groups, according to the dominant anatomic features (II), namely, commissural . cuspal, chordal and combined .
1 . Commissural stenosis . In this type of stenosis, the pathologic changes are restricted to the commissures . This category is subdivided into 1) simple commissural stenosis, characterized by friable commissural fusion of the cusps, in which digital fracture achieves complete splitting of the valve in about a third of patients; 2) stenosis of commissural rigidity, resulting from thickening and rigidity of the commissures (I1) ; and 3) commissural band stenosis. In this latter type of stenosis, an unusual type of valve was encountered, in which the leaflets were ririckened along the line of fused commissures . The orifice of the valve was surrounded by a thin fibrous ring, extending as a thicker band 4 to 5 mm wide along the commissures to the anulus (Fig . 1) . The body of each cusp was mobile and felt normal, was free of calcification and subvalvular fusion and could be split fully with the dilator. This type of stenosis was designated commissural band stenosis.
2. Cuspal stenosis. The cuspal type of valve with heavy calcification was not encountered in children or pregnant women. The cuspal type in this series refers to a mobile, uniformly thick cusp free of calcification with a central or eccentric orifice .
3. Chordal stenosis . In this type of stenosis, the chordae were thickened, shortened and fused . The valve leaflets were distorted and converted into a funnel-shaped structure,, but the texture of the cusp felt normal . 4 . Combined stenosis. Combinations of the three types of stenosis just described were also seen . The subtypes were 1) combined commissural and cuspal stenosis, in which the body of the cusps was mobile and felt normal in texture . The free border of the cusp was thickened with rolled up edges 5 to 10 mm in width, eciending into the commissures as a thick irregular band toward the anulus (Fig . 1 ). This type of stenosis is similar to the commissural cuspal type reported by Rusted et al . (11) . In Isis type, despite a complete split of the valve, the effective orifice was compromised because of restricted mobility of the valve by the thickened free border of the cusp . After the valve was split, the free border of the cusp felt tense, like a bow string (Fig. I) . 2) Combined commissural band stenosis and chordal fusion, in which the chordal changes were minimal, with adherent chordae and minimal shortening and the body of the cusp was mobile . 3) Combined stenosis of commissural rigidity, cuspal stenosis and chordal fusion .
Follow-up . There were 15 operative deaths among the 308 children with mitral stenosis (12 in the early period and 3 in the late period) . Fifty-eight of the survivors (33 early, 25 late) were lost to follow-up . The 235 survivors (123 early, 112 late) have been followed up in the outpatient department every 3 months over the 1st year and every year thereafter . At the end of 5 years, the clinical status was evaluated . Functional class and the incidence of restenosis in the early and late periods were compared and correlated with the pathologic , of the valve stenosis. I .. the pregnant group, all 62 survivors in the early period and 101 of the 106 survivors in the late period were followed up for a minimum of 5 years .
Statistical analysis . A total of 16 (preoperative, operative and postoperative) features were analyzed and the results in the early and late periods were compared . In the preoperative period, age distribution, duration of symptoms, stunted growth . clinical pulmonary hypertension, congestive heart failure and functional class (I to IV) were considered . In the operative phase. cusp mobility, calcification, nodules in the cusp, orifice size, subvalvular fusion, pathologic anatomy of the stenosis and postoperative mitral incompetence were noted. Postoperatively, functional class, pathologic anatomy of the valve stenosis correlated with the functional class, and the pathologic anatomy of the valve stenosis correlated with the incidence of restenosis, were evaluated .
Patient groups were compared statistically with use of the Student ttest and chi-square analysis where appropriate . A p value < 0 .05 was considered statistically significant . Values are presented as mean values ± SD .
E cults Childhood Mitral Stenosis
Cemparirna of major clinical features in the early (before 1978) and late (after 1978) periods (Table 1 ) . In the late period, there was a significant increase in the number of children in the 10-to 14-year age group (p < 0 .001), with a decrease in the number in the 5-to 9-year age group . This finding suggests a tendency for mitral stenosis to present at a later age in children in :he late period .
During the late period, there was an increase in the interval 'All differences are signifcant Ip < 0 .001).
between the initial symptom of breathlessnes to functional class III or IV requiring valvotomy (p < 0.001), im,;lying a longer period for the development of critical stenosis . There was a statistically significant lowering of the incidence of stunted growth, clinical pulmonary hypertension and congestive heart failure in patients seen during the late period . This reflects the evolutionary change to an attenuated form of the disease in childhood during this period .
Comparison of the features of the valve In mitral stenosis in the early and late periods ( Table 2 ). The unusually high incidence of valve mobility in both periods was a notable feature . In the late period, there was a significant reduction in the incidence of severe stenosis (orifice diameter <0 .5 cm), with an increase in orifice diameter to 0 .5 to I cm (p < 0.001). The incidence of subvalvular fusion, nodules in the cusp and postoperative mitral regurgitation in the late period was statistically tow, suggesting a milder form of disease.
Comparison of the pathologic anatomy of the valve in childhood mitral stenosis in the early and late periods (Table  3 ). There was a significant increase in the incidence of commissural band stenosis (p < 0 .0011 and a decrease in the incidence of combined stenosis frmt 38 .7% in the early period to 26.4% in the late period . During the early period, the predominant subtype of combined stenosis was combined stenosis characterized by commissural rigidity . Cuspal stenosis and chordal fusion . During the late period, combined stenosis of the commissural band and chordal fusion was the most common subtype . In combined commissural and cuspai stenosis, great force had to be used on the trannventricnlar dilator to split the valve . Despite a complete split of the commissures, valve mobility was not restored to its cusps. Two-dimensional echocardiography (Table 4) . Echocardiography was performed is 62 children with mite) stenosis in the latter part of the late period. The prevalvotomy mitral orifice area ranged from 0 .35 to 1 .21 cm'-(mean 0 .6 ~ 0.2) and the mitral valve pressure gradient ranged from 19 to 41 mm Hg (mean 28 ± 7) . The postvalvotomv orifice area ranged from 1 .92 to 2 .71 cm' -(mean 2.3 . 0.3). In fon' STEPHEN 1279 e n r 1 ) iING PATTERNS GP SITRAL STENOSIS patients, these measurements could not be made because satisfactory images of the mitral valve orifice could not be ohtained.
In !k 17501 of the 25 children with commissural band Stenosis . leaflet thickening was confined to the tip of the cusp : in 9 (60%) of the 15 children with combined stenosis, the entire leaflet was thickened . Echocardiog aphic findings correlated well with the parhologic anatomy observed during valvotomy .
Mortality. In the childhood series, during the early period there were 12 hospital deaths among 168 children (7 .3%) undergoing valvotomy compared with 3 (2 .270i corns 140 during the late period .
Comparison and correlation of the pathologic anatomy of the valve in childhood enthral stenosis with functional class S years after valvotomy in the early and late periods (Table 5 ). In the late period, there was a significant (p < 0.001) increase in the number of patients in functional class I (an increase from 25% in the early period to 56% in the late period), with a corresponding decrease in the number of patients in functional classes Il, 111 and IV . These changes could be due in part to an increase in the incidence of commissural band stenosis from 5.7y in the early period to 37 .5% in the late period . There was a corresponding decrease in the incidence of combined stenosis from 36 .5% in the early period to 27 .6% in the late period and a decrease in the incidence of chordal fusion from 34 .9% in the early period to 26 .7% in the laic period . In both periods, 76 children were in functional class III or IV ; the pathologic anatomic type of valve stenosis ena-mtered in these 76 patients was combined stenosis in 51 (67.1%), Cuspal stenosis in 13 (17 .1%) . stenosis of commissural rigidity in 11 (14.5%) and chordal stenosis in 10 .3%) . All ci :dren with the subtype of combined stenosis with commissural and Cuspal stenosis were in functional class IV .
Comparison and correlation of the pathologic anatomy of the valve in childhood mitral stenosis with the incidence of restenosis in the early and late periods (Table 6 ). During the early period, 29 (23.5%) of the 123 patients developed restenosis at the end of 5 years compared with 15 (13.4%) of the 112 during the late period (p < 0 .001). The peak incidence of restenosis occurred in those with combined stenosis and isolated stenosis of commissural rigidity. The three children with combined commissural and cuspal stenosis developed restenosis before the end of 5 years . During both periods, 76 children were in functional class Ill and IV at the end of the 5-year period. Of these, 44 (57.9%) had restenosis and 32 (42.1%) had dominant mitral incompetence .
Mitral Stenosis in Pregnancy
Clinical features . Emergency valvotomy was performed for pulmonary edema in 27 (25 .4%) of the 106 pregnant patients during the late period compared with 9 (14.5%) of the 62 in the early period (p = NS 
4) .
Curnparison of the features of the valve in mitral stescsis in pregnancy during the early and late periods (Table 7) . In pregnancy, there were no significant differences in the features of the valve pertaining to cusp mobility, calcificalion and orifice diameter during the two periods. A lower incidence of subvalvuiar chordal fusion was observed in the late period . Comparison of the pathologic anatomy of the valve stenosis in pregnancy during the early and late periods ( Table 7) . The predominant type of valve stenosis encountered during the late period was commissural band stenosis . with a significant decrease in the incidence of cuspo.! apd combined stenosis. Combined commissuml and cuspal stenosis was not encountered in pregnancy.
Mortality and morbidity . Among the i68 patients who underwent valvotomy during pregnancy . there were no maternal deaths and three 11 .8%) fetal deaths . All fetal deaths occurred in patients who underwent emergency valvotomy for pulmonary edema . Of the 18 patients who underwent valvotomy during the last month of pregnancy . 9 (50%) had premature delivery . Postoperative edema of the left breast occurred in four (83%) of the six patients who had anterolateral instead of posterolateral thoracotomy during the last month of pregnancy .
Comparison and correlation of the pathologic anatomy of the valve in mitral stenosis during pregnancy with functional class 5 years after valvotomy during the early and late periods (Table 8 ) . In the late period, there was a significant (p < 0 .0)1) increase in the number of patients in functional class I. This is attributed in part to the predominance of commissural band stenosis and a relative decrease (p < 0 .11011 in the incidence of combined stenosis in the late period .
Comparison of the incidence of restenosis 5 years after Although the geographic variation of mitral stenosis is well documented, there appears to be a change in the pattern of childhood mitral stenosis This change can be attributed in part to socioeconomic development and the prophylactic use of penicillin in rheumatic fever (1).
Changing findings. The attenuated form of the disease in the late period was demonstrated by the relative older age of childhood presentation, the !angerlatent period to develop critical stenosis and the reduced incidence of stunted growth, clinical pulmonary hypertension, congestive heart failure and severe grade of valve stenosis (smaller orifice diameter). In addition, there was the emergence of a mild type of valve abnormality-commissural band stenosis . This type had not been observed in an earlier report from Sri Lanka (4) . On the basis of an autopsy series, Pomerance (12) observed that in economically advanced countries, the mitral stenosis now seen is comparatively mild and he described a valve that had the same features of commissurai band stenosis observed in our series . However, in the valve he described, the fibrous band extended into the chordae tendineae and not i;tto the anulus . The orifice was large compared with the small orifice encountered in the commisTral band type of stenosis .
Pathologic anatomy of the valve . It has been ob::er red (13) that if fusion of the commissures was the only pathologic change, as is found in simple commissural stenosis-wide separation of the leaflets would restore the flow to normal . In the commissural band type of stenosis . because the abnormality is confined to the commissures and the valve could be split fully with the tmnsventricular dilator, normal flew could be expected . Although in some cases of simple commissural stenosis the valve could be fully split d igitally . in commissural band stenosis digital fracture failed to achieve a complete split of the stenosed valve in any of our patients . This finding suggests that commissural band stenosis is a stage subsequent to simple commissural stenosis . However, in combined commissural cuspal stenosis, despite a complete split of the fused commissures, the effective orifice is compromised . The mobility of the cusp is restricted because of the rigid rolled-up edges of the border of the freed cusp extending into the anulus .
Surgical results. In other series of childhood mitral stenosis, the mortality rate was 13% (3) . 10% (4) and 2 .7% (5). In the ,tresent series, the mortality rate was significantly reduced front 7 .1% in the early period to 2 .1% in the late period. Apart from improved surgical skill with experience during tie into period, the reduced mortality rate is attributed to s lower preoperative incidence of patients in functional class IV (6) . In addition, an increase in the incidence of commissural band stenosis (mild type) from 4.2% in the ,:ally period to 37% in the late period appears to he a contributory factor to the reduced mortality rate and improved long-term results . However, 33% of the total group of 235 children with mitral stenosis had a poor long-term symptomatic status (class III or IV) at the end of the 5-year follow-up period. In contrast, in an earlier report . John et al . (14) indicated a excellent improvement of 86% in 297 patients in the 0-to 20-year age group after a similar follow-up period after closed valvotomy . However. the two series are not comparable because the age range in the present series was <15 years . Furthermore, the results of closed valvotomy in the 15-to 19-year age group approached those of young adults, in whom results are good (15) .
Important factors contributing to the poor symptomatic status after valvotomy were preoperative functional status . extent of valvular and subvalvular disease and postoperative mitral incompetence, as observed in earlier reports (6.7). With simple commissural and commissural band stenosis excellent results can be expected with closed valvotomy, whereas the results are poor in the subtype of combined stenosis that consists of commissural rigidity . cuspal steno-.i s and chordal fusion. The peak incidence of restenosis occurs in those with the anatomic type of combined stenosis . In isolated cuspal stenosis with mobile cusps free of calcification, the long-term functional results were acceptable . The present study supports the hypothesis that the pathologic anatomy of the valve is a useful predictor of long-term results . but extends it by correlating long-term results with IACC Vol. 19. No. 6 May 1992 :1276-X4
the particular group or subgroup of the pathologic valve anatomy . An alternative to closed mitral ralvotamv is percutaneous mitral balloon valvuloptasiv . a technique that has gained widespread acceptance (16) . Young patients with mobile valves, near-normal thickening of leaflets, free of subvalvular thickening and without atrial fibrillation, mitral regurgitation or calcification are the best candidates for the percutaneous procedure (16) . The present study suggests its applicability in childhood mitral stenosis characterized by simple commissural or commissural band stenosis when the pathologic anatomy conforms to the preceding criteria .
Clinical implications. In patients with pure mitral stenosis, there are four options for the relief of stenosis : closed valvotomy . open valvotomy-mitral valve replacement or percutaneous mitral balloon valvuloplasty . Opinion is divided as to the relative merits of each procedure (17) (18) (19) . Closed mitral valvolomy has been almost totally replaced by the open method in developed countries (20, 21) . With improved cardiopulmonary perfusion and myocardial protection techniques, the open approach appears to be a safer and better operation . with a lower mortality rate and superior long-term results (22-25) . The present series of childhood mitral stenosis spans a 21-year period in which facilities for open heart surgery were not available in the early phase . Closed valvotomy, a procedure justified by earlier studies (26,27) because of its simplicity and economy, was adopted. However, the present study questions the uniform application of closed valvotomy in childhood mitral stenosis because of the poor long-term functional results in 33% of the patients. The valves in this group were characterized by combined stenosis (67%) and stenosis of commissural rigidity (17%) . in which the commissures could not he split adequately and subvalvular fusion could not be freed by closed valvotomy . Therefore, open valvotomy is recommended in patients with combined stenosis and isolated stenosis of commissural rigidity . The experience of open valvotomy for childhood mitral stenosis from Tehran (28) and the negligible incidence of restenosis after open valvotomy (7) appear to justify this approach . However, some patients with combined stenosis may require valve replacement.
With two-dimensional echocardiography, the type of pathologic anatomy of the stenotic valve and the severity of stenosis can be identified preoperatively (29 .30), and this information helps in deciding among closed operation . open valvotomy or balloon valvuloplasty . The results of the present study justify closed tmnsventricular valvotomy as the method of choice in commissural band and simple commissural stenosis because in these two group, there were no deaths, a near-normal postoperative mitral valve area, an insignificant incidence rate of restenosis (0.6701 ae. ' Clinical profile. Mitral stenosis is the most dangerous form of heart disease associated with pregnancy . The danger comes from acute pulmonary edema-often unanticipated and frequently fatal (31) . In the present series, the incidence of acute pulmonary edema was unusually high (24 0 t ) . Most of the patients were previously asymptomatic . i n their first pregnancy. with minimal cardiac enlargement and echocardiographic features of mild pathologic anatomy of the stenotic valve, reflecting the early stage of the disease .
Clinical implications. The safety c'-closed tran,ventricutar valvotumy in pregnancy is confirmed by a zero mortality rein and the low incidence of fetal deans-1,8(:fn in this series compared with 10% in an earlier report (32) . During the late period, in 90% of patients the types of stenosis encountered were commissural band and simple commissar l stenosis . Clinical studies (33) reveal that the best functional results with long-term remission have been obtained in young women, in whom the pathologic process was at the stage of commissural fusion without progress to shortening of the cusp . The present study confirms this result . Mitral valvotomy is best avoided during the last month of pregnancy because 50% of our patients went into premature delivery . All fetal deaths occurred in patients undergoing valvotumy for pulmonary edema . Posterolateral thoracotomy is recommended for valvotomy in late pregnancy because edema of the left breast was a common complication when the anterolateml approach was employed (34).
Closed and open mitral valvotomy have been performed when medical management failed to control the symptoms of mitral stenosis in pregnant women . Milral balloon valvotomy is a method that avoids thoracotamy and the risks of anesthesia and surgery for the mother aid fetus . The safety and success ofthe procedure have been reported (75_37). In the present study, the echocardiographic features of the valve stenosis and the pathologic anatomy observed during valvotomy is pregnancy suggest the applicability of closed valvotomy and balloon valvotomy in pregnancy . In properly selected cases. balloon valvotomv in pregnant/ is mare desirable than closed mitral valvotomy, especially in light of the risks attending surgery . However, in the majority of patients after lransventricnlar valvotomy in pregnancy . a near normal mitral orifice area (3 .14 '-0.4 cm2) was obtained . This is attributed to the early stage of the disease .
when the commissufes could be fully split up to the anulus with the dilator. Open valvotomy has been suggested in pregnancy for the relief of stenosis, but the fetal mortality rate is unacceptably high (38) . Because the risks of heparin and hypothermia with cardiopulmonary bypass are avoided with the closed procedure and balloon valvuloplasty . these procedures are preferred.
Conclusions. There appears It, be a changing pattern of childhood mural stenosis with alteration to a milder form of valve stenosis. Sinne'Sirui Aarenthirun. MD, AIRCP far assi,laoce with the echoeardio-
